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Su~~ary o~ work accon~lished. 

1. ~e have devclo~ed a nu~ber of new ex~erioental 

• tecP~iques ~or investi~~tin~ ~erccption durin~ relative 

nove~ent o~ the observer and t:1.e dis:;_llay. In doi:tg this 
• 

we have built a pparatus in w~1.ich either t h e dis~lay, the 

o~server, or bot:h c nn be noved n t will w!"!ile t~e dis:>lay is 

arranged to change in size or ::;h a '"le i~ a pre-set related 

":":!a nner. This allows us to use Hull ~.1ethods ~or esti ,ating 

constancy scaling in the · _:Jcrce~tual syste:-:1 during ::-tove::-:ent 

in£or~ation £S to the observer's or display's ~ove,cnts being 

controlled, The major a?~aratus has taken two ~oms& (1) 

an electrically driven carriag e on r Rils (2) a large swing. 

SGveral net~ods £or varyin~ the display shape or size ~ave 

been built and tested, these ~alling under the categories& 

(i) :·techanical, pri!lci;>e..lly usinr; linked iris diaphragns, 

( ii) optical, :?rinci·Jally using a shadow technique described 

in a :?aper )Ublis!J.ed in Nature, (iii) electm!lic tech..11.iques, 

principally using Lissa jou fi (Sures on a cathode r <-Y screen, 

with electrical pick o~f fro, t he swin~ or railwa y to vary 

the size or s~ape of t~e Lissajou fi s ure , itself g enerated 

by oscillators wit> suit a ble ?hase s !1.ift between the X and Y 

ylntes of t~e 'scope . 

·.r e have ~ound t~a t the ,ethods ( ii) and ( iii) 

arc by far the ·1ost satisfactory, and they seen to be entirely 

a~~ro~riate as the basis of techniques for investigatina the 

:?roble,s we are concerned w~. A?paratus usinG t~ese 

t e chniques is built and in use . 
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We have established (and we believe this to be a 

new finding) that size constancy during novenont of the observer 

Is greater during forward than backward novenent. The asynnetry 

could be significant In the aircraft landing situation, and 

probably arises fron the fact that in nornal conditions 

novenent Is toward rather than away fron perceived objects* 

We also find that proprloceptlve infomatlon of 

body novenents through the linbs Increases perceptual 

constancy.  These results are not yet^ublished,  and work on 

the second continues. 

We have designed an experimental technique (this 

will be described as a possible subject for a patent under 

the appropriate heading) for presenting visual displays 

perceptually in depth but in fact flat, so that motion parallax 

is avoided.  It is possible to control Independently the 

disparity between the retinal inages of the two eyes so that 

the perceived object nay be placed perceptually at infinity 

(or beyond infinity) or any nearer distance, and it nay be 

viewed during novenent of the observer, which can be either 

nornal walking or passive novenent, when he is carried on 

the swing or the railway.  rJe  have so arranged it that when 

he is carried on the railway the tracking angle of his eyes 

is controlled by the experimenter and can be set for any 

effective distance of the perceived object, and this can 

be varied Independently of the disparity.   It Is thus 

possible to separate! (a) apparent distance of the perceived 

object, (b) apparent depth of the object (i.e. relative distance 

of the nearer and further parts of the ob Joe": given by the 
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disp<:-.ri ty gradient, '"hich i tsel:f is independently varic:.ble :fro::1 

t !!c total dis::;>a ri ty) (c) the ant;le through w!"lic~ the eyes nave 

to turn in order to keep the objects :fixated f'or a,givcn ::1ove:-:c nt 

o:f the observer. This n eans that we can v~ry sep arately all 

t~e sources o:f in:fornation civi~~tiistance and velocity in:for~ation 

to t :·1e perce? tual syste:-t, and this see~s to be a :>re-requ isi te 

:for sntis:f~ctory ex::_:>eri!:lents on t!"le pro~le:-1 o:f "7erceivec'. 

;:tove:~en t and cons t cmcy durin{; :.1ove:-:1en t. In acdi t ion, "!:>y 

usinG :p!"!oto -~rt>.:;>hic stereo tochniques, we can introduce ai)pro:::>ri 2. t e 

or ina::>' "'ro ':)riate g eo::tetricnl and texture de~:>th in:fornation 

(c. :f. J. J. Gibson, The Visuc:.l ·Jorld, 19 50). 

:·l e :find that when t~1.e varia ble s arc so arranged that 

they are inco:!? atibl e wit~ ::.:>erce ~:>tion o:f t h e :i.1.or:::ml world, the 

subje ct experiences nausea. This occurs q_:.:i te apart fro:::1 

vestibule sti~lation, :for we :find tha t nausea occurs under 

conditions wh en the subject is ~oved at constant velocity 

end slow S?eed, on t h e railway. This s:"!ould he..ve sone signi:f-

ica..11.ce to t ."::1e g 'neral ~)roble:-1 o:f n otion sickness, and SUt_;gests 

t h at we should ex;_)ect nausea under so:1e unusual condi tiona wh ere 

a~~arent dist c:.nce and velocity do not a~ree with noma! conditions. 

~e sub~it t~at this is worth consideration, where one or nore 

sensory syste~s have beco~e ada:pted as during ~rolonged continuous 

,ove~ent, and io unusua l :flying conditions such as nist where 

yerceived distance chang es, or in s~ace :flig~t. As a ~reli:iinary 

:findin5 , we are incline d to t~ink t hat nc:.usec occurs prioarily 

1'1:1.en visual ~..,_d pro prioceptiv e ~,ovei"lent in:forna tion disagree , 

and less so when t he disaGreenent is between di:f:ferent visual 

:features. I:f t :1.is b'eneralisation holds u p it will ::tinioise 
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the probability of nausea under the conditions cited innediately 

above, but the possibility should still be considered. 

When viewing our perceptually three dimensional 

display which is in fact flat, we find that during movement 

of the observer the display perceptually follows every movement 

of the observer; and it rotates so that it, as it were, remains 

aimed at him as he moves.  This is the basic result of removing 

motion parallax, which under normal conditions causes objects lying 

at different distances to rotate round the point of fixation 

against his movement (c.f, Gibson, op.cit.)  The normal counter 

rotation results from the geometry of the situation.   Our finding 

that the visual world follows hio movements when motion parallax 

is absent but objects are still seen in depth, should not be too 

surprising in itself, for the retinal images on the eyes remain 

constant under these conditions although the observer is movinß 

and normally this only happens when the perceived objects follow 

him«  An example is if someone aims a rifle at him, when he sees 

the rifle swinginc round althou^l: his retinal images remain 

constant.  'Jlzen  we now set the gradient cf disparity on our 

apparatus so that it is incompatible with apparent distance on 

other information provided, we find some very odd effects which 

allow us to gain some insight into the neural system normally 

mediating depth and velocity perception.   If disparity is set 

to correspond to a very near object though the eye tracking 

angle is appropriate to a distant object, then the entire 

display perceptually rjoves with the subject, and does not 

rotate as before.   This effect is best visualised by 



considering the case of looking at ono's own facc In a nlrror 

and then novln^, when one of course sees one's head novlng across 

the nlrror.  The effect Is slnllar here, though the cause Is 

entirely different.   It Is generally acconpanled by nausea, 

the onset of which nay occur within one nlnute. 

There Is considerable Individual variation In 

what Is perceived when these various sources of Infomatlon are 

nade Inconpatlble,   Sone subjects lose their perception of depth 

as soon as novonent comencesi  observers are presented with a 

parados: which these observers resolve by rejecting depth 

Infomatlon fron retinal disparity.  Host subjects do not 

reject this infomatlon howeverfbut perceive the rotations and 

other novenents of the display described above, (although the 

displays are physically stationary) and it is these observers 

who experience the nausea,  T.7o think it likely that the observers 

\{\o  reject the disparity infomatlon are those with a history of 

rrropia or other optical defects tending to give poor depth 

infomatlon by disparity under nomal conditions.  It would be 

interesting to follow this suggestion up by fystenatically 

studying cases where optical correction has been provided at 

various ages in childhood, for this could provide sone infomatlon 

bearing on the problen of perceptual learning, about which we know 

very little indeed at the present tine, 

2,        The theory of the geonetrical illusions which we 

have been working on since the start of this grant - the idea 

being that they are due to constancy scaling being inappropriately 
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applied by nerspcctivo features of certain flat figures - is 

still bein^j developed,  Tliis has involved a lar^e nunber of 

exploratory experinents, and none of these we do not intend 

to publish as, til though they were useful in clarifying our 

ideas, sone turned out to have various inherent difficulties 

which made then unsatisfactory as final experiments to show 

conclusively that there are two essentially different nechanisr.s 

for producing constancy scaling.  (l prefer the tern "constancy 

scaling" to the usual "constancy", because I wish to refer to 

an active process in the nervous system, the end result of 

which is constancy.   The terninolofry in the literature is 

in ny view extrenely confusin;: and should be changed as soon 

as possible).   It is essential for the theory that there should 

be two scaling nechanisr.s bein.^; nediated by (l) perspective or 

other features «ienerally indicating depth althoujh depth is 

not perceived,  (2) as a direct resv.lt of perceived depth 

oven in the absence of any sensory information, (as an example 

of an object having an apparent distance and a riven constancy 

scaling in the absence of any sensory information we may cite 

the moon).   It is essential to postulate these two mechanisms 

because the distortions of perceptual space we are considering 

occur in figures flat and seen as flat, and yet we are supposing 

that it is the constancy scaling mechanism which is normally 

set by the distance of objects which is producing the 

distortion. 



AffWWfl otlier Illusions, we Iiave studied perceptual 

cl-.an^es in self-luninous three dimensional skeleton shapes such 

as cubes.   Shape changes evidently due to nisplaced constancy 

occur when they perceptually reverse in depth,   A study of 

the relr.tion of visual reversal w ith sinultaneous touch 

infomation of their true position i n space has been completed, 

■nd is in the press(Shopir-id and Sro.^ory, quarterly Journal of 

Sr-orirnental Psycholog-/).   I will subnit a nanuscript copy of 

thio paper, 

3. ■Je have carried out an experinent (Hoss end Gregory, 

Quarterly Journal of Sxporinontal Psychology, in the press) 

apparently establishinj that the differential sensitivity to 

weicht is not sinply a function of scale weight, but nay be 

affected by apparent weight.  This we have done by deterninin^ 

differential thresholds for weijhts of various sizes.   It is 

woll .'cnown that lar-e weights are Judged lighter than snail 

objects of the sane scale weight: 'Je  have shown that the large 

(apparently lighter) objects give a lower differential threshold 

than the snail (apparently heavy) objects.   Pre-prints have 

been subnitted, 

4, Experinents on the veil  known autokinetic illusion 

(the apparent notion of a fixed din light viewed in darkness) 

have been -)erforned and  an explanation ,'jiven.   The experiments 

and theory with a historical section, is in the press (Gregory 

and Zangwill, Quarterly Journal of Experinental Psychology.) 



5.      Stuart Anatls lies conducted a nunfaer of exoerinents 

pri-.aarily concerned with after effects of prolonged viewing 

of novin^j objects.  He has been particularly concerned with 

trying to locate the resulting neural adaptation to the 

retina or to nore central parts of the perceptual systen, 

and has devised sone now techniques to this end.   Me has 

established sone new facts.  He has found a new after 

offeet, nanely that upon viewing an evenly illuninated 

field varying in intensity with a saw tooth wave forn at a 

rate of about 3 rarips per sec,, r. constant illuninated field 

then appears to ^row brighter or dinner, this effect lasting 

for about 10 seconds. The directi on of this after effect 

is such that there is an increase in apparent brightness 

following a falling ranp on the stinulus wave fom and vice 

versa,  lie  is at present investi^atiniT sharpening of 

contours during shift of inages across the retina, using 

expcrinental techniques ho has rleviood hinsolf, 
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6, Investigation of a prlnitive eye apTaarently functioning by Sccnnln.::« 

Exnor, in 1891» described a nost curious eye - that 

of a Copepod fCor>iliaiWhich he found in the "3ay of Naples, while 

on tho staff of the Marino Station.  He reported this eye as 

telescopic, having two lenses, tho second lens boing in the 

middle of the aninal, and continually oscillating across the 

inage plane of the urinary lens.   This suggests that therenay 

be in nature an eye working on a quite differet principle fron 

known eyes which, of course, rely on a spatial nosaic provided 

by tho retina, infornation being fed to the brain along nany 

parallel channels.  Exner's description of Copilia suggested 

that we nay here have an eye which works on the other known 

engineering principle for transmitting spatial infornation - 

fron a scan, as in television. Jo  detemined to look for this 

aninal, having searched the literature and found no nore recent 

account of it, and with Dr. Neville Koray of Sheffield University 

(who knows nore Zoology than I do) we went to the Naples Marine 

Biology Station and were fortunate enough to find eight 

specinons of Copilia, at a depth of ^50 feet. 

We established the essential correctness of Exner's 

description, and we obtained photonicrographs of the living 

aninal and cinorecords of tho scan« 

Jo  attenptod sone behaviour studies but these were 

'    unsatisfactory in the tine available.  It should be nentioned 

that the creature appears to be rare, for we found it necessary 

to search through gallons of water after dragging niles of sea 

with fine nets for each specimen we found, and as this involved 

9. 
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exazalning the water drop by drop with a -ilcroscope we regard 

ourselves as lucky in finding any snecinens. Je  can however now 

recognise then withthenaked eye in favourable lighting conditions» 

Their naked eye visual characteristic is extreme transparency. 

None of the structure/visible to the naked eye, but is very 

readily seen with about X 100 na^nification.  There is no retina; 
receptor and one 

a single/optic nerve fibre goes to the central brain«  This fibre 

is quite long and we think it night be possible to record fron 

it with a nicro-electrode, though thero certainly are technical 

difficulties which would have to be overcono, especially as the 

aninal has a tough though transparent cuticle. 

Consideration of this aninal has suggested sone ideas 

as to how the evolution of the compound eye night have occurred, 

'.  I think it likely that very prinitive conpound eyes had one or 

very few omatidia, and that they worked by scanning.   This 

would bo a reasonable dovolopnent fron novenenfc perception, which 

is alnost certainly prinary in evolutionary dcvelopnent,  '.The 

transnission of infomation down a single nerve fibre would 

bo limited by the bear! width of a neurone, and this would be 

under 1,000 c/s.   Given that the rate of firin.r: of neurones 

could not be increased (aad this is presunably United by the 

basic physics of nervous conduction) the only developnent possible 

would be increase in the nunber of channels.  Scanning would 

still be necessary until the nunber of channels was quite large, 

several hundred onnatidia at least, after which a static spatial 

nosaic would t'-ansnit nore infomation,  I thus predict that eyes 

having: ij..t a few onnatidia should enploy oone scanning.  The well 

known Daphnia has about twenty onnatidia, and it is very easy to 

10. 



see thr.t this eye is in continual oscillation around its cptical 

axis.  Very lar-jo conpound eyes (the eye of the bee or the 

drc.jon fly for exarnle) are static except for novcnent of the 

whole aninal, which nay or nay not be inportant,  I propose to 

survey simlo conpound eyes and establish whether oscillations 

are present in all eyes having only a few ornnatidia.  I would 

also like to attenpt recordinr; fron the o;tic nerve of certain 

chosen eyes, including Copilia.   So far as I know this is an 

entirely new research project. 

■ 
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difficulties  encountcred. 

Under  this headltic:  In our previous report   for 

1st J*r>r±l  1961  - 31 Kareh 1962 we  stated that  there was  a 

delay In th.e   conpletlon of Stuart Anstis'   Ph.D.   thesis 

■nd Its  subnlsslon for exanlnatlor..       ZQ has nov/ conoleted 

this worlc,   and has received the  do-rec  of Ph.D.   fron this 

University, 

There   are no   special  difficulties,   except   for lack 

of tine due  to  other cormitnento. 
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Inventions. 

Tlie following tcclrniques tor  ")resentin;j objects 

-?crcG->tu£lly in c'.e^tli but in fact flat, night forn th« basis 

cf a .oatent, though it la closely related to stereoscopic 

pho.-tr;:;ra">liy, usin,; polarised lit"ht, 

fo use two point sources of liäht placed close 

together, (for instance separated by Z^  inches, the average 

inter-ocular distance) the inabinary lire between ther: being 

horizontal.   These lights are arranged to throw a "mir of 
I 

shadows fron an object Placed in front of then on to a screen. 

The light sources are fitted with crossed polaroid filters, 

end tho screen is of a material which will not depolrrise the 

light,   (it is either aluniniun paint, for front projection, 

or ground glass for back projection.)  The observer wears 

crossed pclarrid glasses, so that he sees the shadow cast by one 

of the point sourceswith cno eye and the shadow cas by th« 

other point source with the other eye,   ho then experiences 

a black object lying in 3-D space, either in front of the screen 

or behind it depending upon which eye sees which shadow, this 

being changed at will by switching the polaroid filters.  This 

is a perceptually interesting situation, for by varying the 

distance between the ^oint sources we can control the effective 

ir.terocular distance of the observer's oyos, and by changing 

the distance of the point sources fro~ the object producing 

the shadows we can change the effective distance of the observer 

fron his perceived object.   vre have found it useful as the \ 

brsis of en exoerinental technicme for investigating deoth 

13. 



ezi?. velocity perception,   bvtt   it nlL;lit   clso  "^c used in  rai 

InstlUCMat  for presenting three di'icnsional  lnfor~!ntion. 

It  SsUsht  possibly be used  in  sone  fom of visual  landing 

display or slniulr.tor,   or it ni^ht bo used for dononstratlng 

or investigdtln.:  scpJ.e   chen^es in nodcls  for  oXKTilo   .f 

nathenr.tical  functions. 
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Regearch plans for next perlpd« 

(1) I regard the nroblon of the autokinetic effect 

as essentially solved, and at this tine I see no reason to 

conducl; further oxoeri'ients on this topic, 

(2) I regard the problem of the Distortions of visual 

space, typified by the so-called geometrical illusions, as 

also essentially solved, but the experinents can bo developed 

and about two years' work renains in conpleting then and tidying 

ur) the details.  I propose to do this over the peiod of the new 

grant• 

(3) The work on estinatlng constancy duringfebserver 

~iovcnent has got to the stage where we have worked out appropriate 

oxperinental techniques arid built the apparatus (though some 

ancillary equipnent is still required for the railway)   A lot of 

work renains to be done I ut I believe that in outline we are 

bo~inning to understand the kind of perceptual oystens involved, 

A great deal (f systonatic testing of observers under various 

conditions is roqiircd.  There are still difficulties in getting 

quantitative results  of sone of the effects and I do not ina^ine 

that we will solve all the problens,   V/e are dealing with an 

c::trenely conplex problen, but I regard it as central to an 

adequate account of percotion, and as having sone practical 

innortance in any situation where judgenents of velocity 

and distance arc required fron a noving observer, 

{k)  A  rather different kind of experinent is envisagec. 

for the railway,  3y optical neans (nagnifying or reducing lenses) 

the anoarent length of the corridor along which the railway runs 

nay be varied, and so it is possible to investigate the effect 

13. 



of changing  apparent distance ^/hilc -iaintainin.3 velocity and 

tirro   constant.     This  raises   sone interesting possibilities  as  to 
tine 

just  how velocity/and    distance  jud^onents  are nade,   and wo hooe 

to work  alon^  these  lines,   but   at   this   tine  I have x^ot   thought 

of  a way of quantifying  the  results, 

ie would like   to  continue  the  investigation on the 

■canning  eye  of Copilia  and other  si pie   eyes.       The  purpose 

would be   (l)   to  try to   ze±n understandin-  of the  evolutionary 

sequence  of prinitive   eyes,   and   (2)   to  establish whether  eoenning 

is r.sed for pattern roco{Tnition in any   ^resent  or   mst  eyes,   and 

if  so how efficient  it   can be  in nature,     I  an doubtful whether 

we   could undertake  this without  extra support. 
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P'^rsonnol and adMinistratipn, 

There Tias boon no ohangro In oersonnol over thll 

rporiod«   Stuart i-nstio has now obtninod his ?'.i,D,   Helen 

loss is seriously considerin,: G-iplyii;.; for a .lace to worlc 

for a Ph.D. which would involve her resigning her present 

post on thin grant«   This is under considerction at the 

oresent tine. 

Travel. 

Visited Naples Zoological wtatiorxvAasust/Seotcrober 

19':2) for the purpose of lookiiv; for the Copepod Copilia, 

This visit was nade with helen P.oss and Dr. Neville Ii'oray 

of the University of Sheffield, who received no financial 

support fro"i us, but received so~:o support fron his own 

university.  The equionent 1 used was not obtained especially 

for -his expedition.  The Jb:acta was bou ;ht oreviously on 

this ^rant, the nicrosco^es were bouoht by ne on other monies, 
* 

and the cine cancra used was loaned fron Professor J,2, Younj. 

If wo are to continue work on this project so-:ie extra equipment 

would be required, especially if electro-physiological rocordinc 

ic to be undertaken. 
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